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SUPERCOMPUTER SIMULATION OF COLLIDING 
MICRODROPS OF WATERT 
D. GREENSPAN 
Mathematics Department, University of Texas at Arlington, Arlington, TX 76019, U.S.A. 
Abstraet--Microdrop collisions are important in fast kinetic, microwave, nucleation and rainstorm 
studies. In this paper a molecular model of colliding microdrops of water is simulated on a CRAY 
X-MP/24. A least squares fit of the force field allows relatively arge time steps in the numerical procedure. 
Rotating "raindrop" modes, "dumbell" modes and oscillatory oblateness modes are demonstrated, as are 
nonadhesive soft and hard collisions. 
1. INTRODUCTION 
Drop collisions are important in fast kinetic, microwave, nucleation and rainstorm studies. In this 
paper a molecular model of colliding microdrops of water is simulated on a CRAY X-MP/24. A 
least squares fit of the force field allows relatively large time steps in the numerical procedure. 
Rotating "raindrop" modes, "dumbell" modes and oscillatory oblateness modes are demonstrated, 
as are nonadhesive soft and hard collisions. 
2. MATHEMATICAL  AND PHYSICAL PREL IMINARIES  
Consider the elementary water molecule potential [l] 
in which a = 2.725/l, E = 707cal/mol. From equation (1), the force F, in dynes, between two 
molecules r A apart has magnitude F given by 
F(r) = (4 .325809)10-5[ (2 ) (~) '3  - (~)7]  • (2) 
From equation (2), one finds, about the equilibrium point of F, that 
F (3 .5)=-0.09616,  F(3.25)=-0.08888,  F(3.0)=0.06291, 
F(2.75) = 0.83084, F(2.5) = 4.30357. (3) 
Fitting these data by least squares with the computationally convenient formula 
[ F*(r)=(4.325809)10 -5 - ~ ~ , (4) 
yields 
F*(r) -- (4.325809)10-51 115 11041 -7+ j. (5) 
Since F is in dynes and since the mass of a water molecule is (30.103)10-24g, a dynamical 
equation which describes the motion of one water molecule which interacts with only one other 
water molecule r A away is 
(4.325809)10_5[- 115 11041 / -- -7 -  + - - - r - I  -- (30.103) 10-2' a, (6) r- j 
tComputations performed atthe University of Texas Center for High Performance Computing. 
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where a is measured in cm/s ~. Changing to ,~/s 2 and also introducing the computationally 
convenient time transformation Tz= l0 ~] t ~ yields the dynamical equation 
dEr 16.5 158.6 
(7) 
dT 2 - -  r3 r ~ 
For a system of N water molecules P~, P2 . . . . .  PN, it follows from equation (7) that, from given 
initial data, the motion of each P~ can be determined by solving the system of second order, 
nonlinear, ordinary differential equations 
d2r,_ ~ ( 16.5 + 158.6'~ ryi 
- . -7  . - -7 -  - ,  (8 )  
dT 2 j=~ r o r~ J r o 
in which r~ is the position vector of P~, ryi is the vector from Py to P~, and r o is the length of rye. 
3. EXAMPLES 
Before studying the interaction of two water drops, it is necessary to generate a single drop, which 
is done as follows. Since ~b(2.725)=0, consider a regular triangular mosaic of points (xi,y~), 
i = 1,2, . . . ,9000,  given by: 
x ]=-68 .125 ,  y]=-58.997975,  x52=-66.7625, y~2=-56.638056, 
x i+~=2.725+xi ,  yi+~=y~, i=1 ,2 , . . . ,50 ,  
x i+]=2.725+xi ,  Yi+~=Ysz, i=52 ,53  . . . . .  100, 
xi = xi_ ]0~, Yi = 4.7198384 + Yi- ~0~, i = 102, 103 . . . . .  9000. 
From these we choose only those which satisfy x 2 + y~ ~< 2320, thus yielding 1128 points which lie 
in a relatively circular pattern. At each such point (xi, y~) we place a water molecule P~. (The choice 
N = 1128 is due to budgetary, rather than computational, constraints.) 
• .  
• •~ ° t I . : ;~ '~~~. .  
• o~ go•  % 
 ;'IM n n m m'...'...2. 
•: . .~ imimBr~' .  ", :. 
• ~~'~~'. . ' t .~. ' tk ,~ml~. . . ' : :  ." 
• . . .  ,~., ~% -.:~~~.~. ..:. 
• •°  ••  ••  
I o  to  oo • 
• .~'._~,a,~'~,~..4.. . :~  ~. 
.~ ' , tw l lml l~R~.  :~ 
• .. .  : .  
• .:  .o" %-. °." 
(o)  (b)  (c) (d)  
(e) i f)  (g] (h) 
Fig. I. T = 14.0(a), 16.8(b), 19.6(e), 22.4(d), 25.2(e), 28.0(0, 30.8(g), 33.6(h). 
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Fig. 2. Two microdrops of water 3 A apart. 
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Fig. 3. Oscillating oblateness mode. 
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Fig. 5. A brush type collision. 
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time all velocities are again reset o zero. Thereafter, the molecules are allowed to interact without 
further damping. The resulting system configurations are shown at T = 14.0, 16.8, 19.6, 22.4, 25.2, 
28.0, 30.8 and 33.6 in Figs l(a)-(h), respectively. These figures how the presence of surface waves, 
which, in fact, are due to the system's contractions and expansions with time. Note also that the 
density at any time is always greater in the interior of the system than at the boundary, which is 
consistent with the surface tension theory which holds that the surface molecules are in an 
attraction mode. 
To simulate the interaction of two drops, we proceed as follows. The drop in Fig. l(b) was 
reflected symmetrically about the Y axis so that the minimal distance between the resulting two 
drops was 3.0 ,~,. To avoid complete symmetry, however, velocity components were taken to be 
the same for any particle and its image. The arrangement of the drops is shown in Fig. 2. Thereafter, 
each molecule in the left drop in Fig. 2 had its velocity components increased by v*, while each 
molecule in the right drop had its components decreased by v*. Various choices for v* yielded the 
following examples. 
For the first example, let v* = (0, 0), so that the two drops are allowed to interact with no changes 
in their velocity components. System (8) consists now of 2256 coupled equations. Figures 3(a)-(p) 
show, through T = 85, the resulting formation into a single drop which then oscillates with 
alternating vertical and horizontal oblateness. 
For the next two examples, we considered, in order, v* = (0.2, 1.5) and v* = (0.2, 2.2). These 
vectors differ only in their second components. The results are shown simultaneously in Fig. 4 
through T = 60. The mode shown on the left, corresponding to v*= (0.2, 1.5), is typical of a 
"raindrop" mode [3]; while the mode shown on the right, corresponding tov* = (0.2, 2.2), is typical 
of a "dumbell" mode [4]. 
Finally, let us give two examples of collision without total adhesion. Such interactions are not 
usually observable xperimentally. In the spirit of the last two examples, let us first increase v* to 
(0.2, 2.5), thereby changing again only the second velocity component of v*. Figures 5(a)--(f) show 
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the resulting interaction through T = 60. During this brush type collision only a small amount of 
mass is transferred between the drops and only a small amount of mass is lost, as is seen in Fig. 
5(f). If we next increase v* to (4, 3), then a direct and violent collision occurs, as is seen in Figs 
6(a)-(i) through T = 55. Approximately half of  each emerging drop shown in Fig. 6(i) comes from 
both the left and the right drops shown in Fig. 6(a). In addition, the amount of  mass lost, as seen 
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in Fig. 6(i), is now more extensive. Moreover, the density patterns in Figs 6(d)-(f) indicate that 
the system is also expanding and contracting with time. 
Finally, it should be noted that a large number of other examples were run, but the results were 
entirely similar to those described above. 
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